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Calciﬁcation
Carotid/intracranial artery
Aortic valveA review of the predictive ability of arterial and valvular calciﬁcation has shown an additive effect of calciﬁcation
inmore than 1 location in predictingmortality and coronary heart disease, with mitral annual calciﬁcation being
a particularly strong predictor. In individual arteries and valves there is a clear association between calciﬁcation
presence, extent and progression and future cardiovascular events andmortality in asymptomatic, symptomatic
and high risk patients, although adjustment for calciﬁcation in other arterial beds generally renders associations
non-signiﬁcant. Furthermore, in acute coronary syndrome, culprit plaque is normally not calciﬁed. This would
tend to reduce the validity of calciﬁcation as a predictor and suggest that the association with cardiovascular
events and mortality may not be causal. The association with stroke is less clear; carotid and intracranial artery
calciﬁcation show little predictive ability, with symptomatic plaques tending to be uncalciﬁed.
© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Wehave previously shown that arterial and valvular calciﬁcation is a
systemic disease [1]. Its predictive ability was indicated in a large 2009
meta-analysis of 30 studies comprising 218,080, mainly asymptomatic
subjects, some of whom were renal patients. This found that after a
mean 10 year follow-up the presence of arterial and valvular calciﬁca-
tion was signiﬁcantly associated with all-cause and CV mortality, coro-
nary events and stroke, with CT scanning of the coronary artery giving
the highest OR compared to calciﬁcation of other arteries [2]. However,
this meta-analysis did not consider the predictive ability of individual
sites of calciﬁcation and several locations, such as the carotid artery,
were poorly represented. Since publication of this meta-analysis, there
have been a considerable number of studies which are able to shed
more light on the situation. In this review we discuss associations
found between the prevalence, extent or progression of calciﬁcation of
arteries and valves and their predictive ability for CV events andmortal-
ity in non-renal patients.
Multiple site calciﬁcation comparison
A few studies have investigated the predictive ability of several sites
of calciﬁcation. Among asymptomatic subjects, the presence and extentalth and Clinical Medicine and
. Henein).
nd Ltd. This is an open access article uof mitral annulus calciﬁcation (MAC) was more closely associated with
cardiovascular (CV) and all-cause mortality than aortic valve calciﬁca-
tion (AVC) or abdominal aortic calciﬁcation (AAC), although there was
an additive effect of calciﬁcation in N1 location [3]. In very elderly
high risk subjects, a simple score comprising presence of cardiac, carotid
and femoral artery and aorta calciﬁcation was correlated with all-cause,
but not CV,mortality, with the risk risingwith calciﬁcation score and in-
creasing numbers of calciﬁcation sites, although the association came
mainly from valves and only MAC was also predictive of CV mortality
[4]. In symptomatic type 2 diabetics, mitral and aortic calciﬁcation com-
binedwere farmore predictive of mortality than calciﬁcation of an indi-
vidual valve [5].
A composite score of coronary, carotid and aortic arch calciﬁcation
signiﬁcantly improved the C-statistic for coronary heart disease (CHD)
over the Framinghammodel but did not aid cerebrovascular risk predic-
tion. Similarly, this composite scorewas not associatedwith cerebrovas-
cular events in asymptomatic elderly subjects followed up for 3.5 years
[6]. In heavy smokers, coronary artery calciﬁcation (CAC), but not tho-
racic aorta calciﬁcation (TAC), was associated with coronary events,
while TAC but not CAC was associated with non-coronary events, al-
though the follow-up was very short [7].Calciﬁcation of the coronary artery
Our earlier review highlighted the signiﬁcant association between
the presence, extent and progression of CAC and mortality and CV
events and also presented the conﬂicting evidence that culprit plaquender the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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then, theMESA, HeinzNixdorf Recall and other studies have shown sim-
ilar results in asymptomatic subjects [9–11] and conﬁrmed the utility of
CAC for improving risk stratiﬁcation above conventional risk factors
[12]. In contrast, a large study failed to conﬁrm this relationship after
adjusting for calcium in other arterial beds [13].
In symptomatic patients, the CAC score was associated with a com-
posite of cardiac death, non-fatal MI and coronary revascularization, al-
though calciﬁed plaques had the lowest predictive value compared to
non-calciﬁed and mixed plaque [14]. A similar composite outcome
was predicted among type 2 diabetics [15] and heavy smokers [7] but
the CAC score did not predict ACS development in chest pain patients
[16]. An autopsy study showed that although the extent of CAC correlat-
ed with fatal MI, the unstable culprit lesions were not calciﬁed [17].
Calciﬁcation of the aorta
Jacobs et al. found an increase in annualized CV event rate with in-
creasing ascending aorta calcium scores. An increase of 1SD in TAC
score resulted in a 46% increased CV event risk, with CAC proving to
be a stronger predictor of coronary events whereas TAC predicted
non-cardiac events [18] several studies showed that TAC and AAC
are independent predictors of CVD and CV and all-cause mortality
[19–23], although for AAC the results of mortality studies are mixed
[2,24]. Nevertheless, after adjustment for calciﬁcation in other arterial
beds, the associationwith TACwas no longer signiﬁcant and did not im-
prove the Framingham risk model [13,25,26]. There may be a gender
difference with respect to the predictive ability of TAC. Budoff et al.
showed that while TAC had no predictive ability for males after adjust-
ment for CAC, in females TAC remained predictive of coronary events
[27]. Likewise, two studies found that TAC [28] and AAC [29] were inde-
pendent predictors of ischaemic stroke in women only, while Danielsen
et al. showed that TAC presencewas associatedwith increased coronary
mortality in women only, while in men it was associated with all-cause
mortality [30].
In symptomatic patients [31] and heavy smokers [5], therewas a sig-
niﬁcant correlation between the presence of TAC and all-cause and CV
mortality and CV events respectively. Among hypertensives, Tanne
et al. found that only calciﬁcation of ≥5 mm in the descending aorta
was an independent predictor of ischaemic stroke [32], while in prior
stroke patients, the absence of baseline TAC increased the risk of vascu-
lar events [33].
Calciﬁcation of the carotid/intracranial artery
Although an association has generally been found between carot-
id or intracranial calciﬁcation presence and current or prior cerebral
infarcts [34–37], its predictive ability is not so clear. In asymptomatic
subjects, Prabhakaran et al. found that carotid artery calciﬁcation
presence was signiﬁcantly associated with a combined vascular out-
come of ischaemic stroke, MI and vascular death [38]. Nevertheless,
Koton et al. found no association between intracranial artery calciﬁ-
cation (ICAC) and mortality, although this study had a short follow-
up [39] and Allison et al. showed that carotid artery calciﬁcation pre-
dicted all-cause but not CV mortality but after adjustment for in-
creasing increments of calcium in other arterial beds, the
association became non-signiﬁcant [13]. Small studies of Chinese
and Japanese patients found that the carotid calcium score could
not predict cerebrovascular events [40,41] although the presence
of uncalciﬁed plaque signiﬁcantly increased stroke risk in males
[42]. Similarly, endarterectomy studies have shown that carotid cal-
ciﬁcation is associated with acute coronary events but not cerebro-
vascular events [43,44], while calciﬁed plaques showed increased
cerebrovascular reactivity, indicating plaque stability [45].
A 2010 systematic review has shown that symptomatic plaques
have a lower degree of calciﬁcation volume, weight or percentagethan asymptomatic plaques, with calciﬁcation percentage being the
strongest predictor of plaque stability [46]. Since then, Eesa et al.
showed that in patients with prior cerebrovascular events, calciﬁca-
tion was signiﬁcantly associated with the asymptomatic side and not
with the symptomatic side, suggesting that extensive calciﬁcation
may reﬂect plaque stability [47]. A recent study determined that al-
though ICAC volume was associated with prior cardiac or ischaemic
cerebrovascular disease, it was not associated with current ischae-
mic cerebrovascular symptoms [48], while culprit plaque in acute
ischaemic events had a thin ﬁbrous cap, large lipid pool and
macrophage-dense inﬂammation, with calciﬁcation being associat-
ed with stability [49].
Calciﬁcation of other arteries
A review of 25 studies of breast artery calciﬁcation (BAC), found that
a majority showed BAC having high speciﬁcity but low sensitivity and
negative predictive value for CV events [50]. A number of studies also
found that BAC was signiﬁcantly associated with CHD, heart disease
andmortality, although the ﬁndingswere not consistent for cerebrovas-
cular disease [51,52].
Peripheral artery calciﬁcation was shown to be strongly associated
with CHD mortality [53] and with all-cause and CV mortality but not
stroke mortality in type 2 diabetics [54]. An earlier study had found
that the association of calciﬁcation with mortality held for diabetics
but not non-diabetics [55]. In the renal and iliac arteries, calciﬁcation
was predictive of mortality but after adjustment for calcium extent in
other arterial beds, the association became non-signiﬁcant [13,56].
Calciﬁcation of the aortic valve
The MESA found that in asymptomatic subjects, increasing
tertiles of AVC were associated with increased CV event risk, while
AVC presence conferred higher risks of CV events and mortality
and resuscitated cardiac arrest, although the association with CV
events was lost after adjusting for CAC [57]; similarly Blaha et al.
showed that after adjustment for CAC presence, AVC remained a sig-
niﬁcant predictor of all-cause mortality and could improve risk strat-
iﬁcation, but when adjustment was made for the CAC score the
association became non-signiﬁcant [58]. In stroke studies Rodriguez
et al. found that the presence of calciﬁcation of the aortic valve or an-
nulus was signiﬁcantly associated with a higher prevalence of covert
brain infarcts [59] but this ﬁnding was contradicted in a study of
younger American Indian subjects [60]. Similarly, Boon et al. found
no association between AVC and prior or subsequent brain infarct
or intracerebral hematoma [61].
In symptomatic or high risk patients, the AVC score was the stron-
gest multivariate predictor of CV events [62], particularly during the
peri-operative period. In addition, patients with AVC score N750 had a
signiﬁcantly lower 12 month survival rate compared to those with
scores b750 [63].
Calciﬁcation of the mitral valve
A large study by Gardin et al. showed that MAC presence in asymp-
tomatic subjectswas amultivariate predictor of CHDbut not of stroke or
all-cause mortality [64]. Nevertheless, in younger subjects Fox et al.
found that MAC presence and extent were associated with increased
risk of CVD, related mortality and all-cause mortality [65]. A large
study of African Americans showed that MAC presence was predictive
of fatal or hospitalized MI and revascularization procedures [66], while
in Hispanics, MAC N4 mmwas an independent predictor of MI and vas-
cularmortality but not ischaemic stroke [67]. In the elderly the presence
and extent ofMACwas signiﬁcantly associatedwith a higher prevalence
of stroke after adjustment for risk factors [59,68], although in younger
populations the results are mixed [60,69]. Large studies found that all-
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though the association with CV mortality only held for women [70]. A
smaller study conﬁrmed that MAC was independently predictive of
all-cause mortality in males [71].
Among CHD patients MAC was associated with an increased rate of
CV events [72], while other studies have generally shown that in symp-
tomatic or high risk patients the presence of MAC was associated with
all-cause and CV mortality and morbidity [73,74].Discussion
Studies of multiple locations have shown an additive effect of calci-
ﬁcation in more than one location in predicting mortality and CHD;
the predictive ability appears to derive mainly from MAC, although in
asymptomatic subjects a total arterial calciﬁcation score does not pre-
dict cerebrovascular events. In heavy smokers, CAC is associated with
coronary events and TAC with non-coronary events. Studies of individ-
ual arteries and valves generally show a clear association between calci-
ﬁcation presence, extent and progression and future CV events and
mortality in asymptomatic, symptomatic and high risk patients, al-
though the association between valve and carotid calciﬁcation and
stroke alone is less clear. Nevertheless, culprit coronary plaque in ACS
is generally not calciﬁed. Adjusting for calciﬁcation in other arterial
beds renders associations in arteries and valves non-signiﬁcant, al-
though in women TAC may remain predictive of coronary events.
Although the association between carotid or intracranial artery calciﬁ-
cation and previous cerebral infarcts is established, there is generally lit-
tle predictive ability for acute stroke. Similarly, endarterectomy studies
show that carotid calciﬁcation is associated with ACS but not cerebro-
vascular events, while symptomatic plaques tend to have less calciﬁca-
tion than asymptomatic plaques, suggesting that calciﬁcation confers
stability.
Our review shows that whether considering arteries or valves, if an
adjustment is made for calciﬁcation in other locations, then any associ-
ation with CV events and mortality loses signiﬁcance. This would tend
to reduce the validity of calciﬁcation as a predictor and indicate that
while it clearly develops prior to CV events and mortality, the associa-
tion may not be causal. The predictive value of arterial calciﬁcation in
the elderly has already been questioned [4] and it has been suggested
that it serves as amarker of amore generalized vascular disease process,
possibly involving inﬂammation [37].
The repeated lack of association between carotid calciﬁcation and
ischaemic stroke, primarily embolic, echoes the results of autopsy stud-
ies showing that coronary culprit lesions tend to have a large lipid-rich
necrotic core with a thin overlying ﬁbrous cap, as indicators of instabil-
ity which are associated with acute rupture and luminal thrombi [46].
Coronary and carotid calcium are believed to stabilize the plaque by
stiffening and protecting against biomechanical stress and subsequent
rupture or erosion [41,75], although regions of plaque calciﬁcation adja-
cent to an inﬂamed soft necrotic coremay predispose to increased peak
stress [76]. It has also been proposed that calciﬁcation is an attempt by
the arterial wall to repair existing damage and to reduce the likelihood
of plaque rupture [77].
Several authors have pointed out that in the coronary and carotid
arteries calciﬁcation tends to occur on atherosclerotic plaque and is
therefore largely intimal, while in other arteries it may also be me-
dial, where it is unrelated to atherosclerosis but can cause arterial
stiffness and is associated with diabetes and renal disease [25,78].
Since no scanning modality can at present distinguish between inti-
mal and medial calciﬁcation, it is not possible to assess the contribu-
tion of each, although they may have different predictive ability
[25]. It has been argued that calciﬁcation of valves, particularly the
aortic valve is similar to atherosclerosis and may occur as a result
of mechanical stress, endothelial damage or through the effect of
shared risk factors [79]. Yet statins have failed to slow theprogression of valve calciﬁcation or delay clinical outcome, suggest-
ing that the association is coincidental [80].
Conclusion
This review shows that calciﬁcation presence, extent and pro-
gression in various arterial and valvular sites predicts coronary
events and mortality in asymptomatic, symptomatic and high risk
patients, with an additive effect of calciﬁcation in more than one lo-
cation. There are mixed results for studies of stroke prediction, with
calciﬁcation of the coronary artery, aorta and valves generally
showing an association, while in the carotid and intracranial arter-
ies calciﬁcation was associated with current and prior cerebrovas-
cular events but was not predictive of stroke. Similarly,
endarterectomy and symptomatology studies showed that it was
uncalciﬁed plaques, rather than calciﬁed plaques, which predicted
cerebrovascular disease or its symptoms. This ﬁnding was reﬂected
in the coronary artery, where the culprit lesion for ACS was typical-
ly uncalciﬁed, suggesting that calciﬁcation confers some stability on
the plaque. Studies investigating multiple locations found that calci-
ﬁcation of valves, and particularly MAC, showed the strongest asso-
ciations. Nevertheless, studies that adjust for calciﬁcation in other
arterial beds generally render associations non-signiﬁcant.
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